JOURNAL OF FOREST SCIENCE, 49, 2003 (10): 445-473 Before anthropic activities started to change the landscape in the 13 th century, the vegetation of the Orlické hory Mts. was a result of development of plant communities in the Quaternary. Mikyška's and Zlatník's vegetation reconstructions show that follows phytocenoses were the natural basis of forest stands at that time: meadows and alder stands, scree stands, herb-rich beech stands, beech stands with wood-rush, acidophilous mountain beech stands, mountain spruce stands, waterlogged spruce stands, raised bogs and transient peat bogs. A major portion of the mountain range (about 90%) was originally covered by beech stands with admixed fir and sycamore maple, and spruce at higher locations.
Mountain spruce stands covered about 3% of the area of discontinuous locations of the mountains (ca. up 1,020 m above sea level), mainly in the areas of Malá Deštná, Velká Deštná, Maruša, Jelenka, Koruna and Tetřevec as well as Kunštátská kaple, Šerlich and Vrchmezí (MIKYŠKA et al. 1968) . Contrary to this information, ZLATNÍK (archival materials) identified climax spruce stands only in the area of Malá and Velká Deštná. 
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ABSTRACT: Plant cenological surveys on the basis of Braun-Blanquet's seven-point scale were made on 34 research plots in the course of studies of vegetation changes in beech and spruce stands in the Orlické hory Mts. over period of . The acquired data were processed not only by traditional plant coenological methods but also by numerical analyses (agglomerative and divisive classification, ordination, species diversity). The results document marked changes that occurred in species-rich spruce communities of the association Athyrio alpestre-Piceetum (Aa-P) as well as in species-poorer communities of the associations Vaccinio myrtilli--Piceetum (Vm-P), Calamagrostio villosae-Piceetum (Cv-P) and Deschampsio flexuosae-Piceetum (Df-P). The developmental trend of these communities in 1971-1991 converged on types very poor in species (Df-P association). On the contrary, the period 1991-2001 was characterised by a marked increase in the number of species, especially in the herb layer. An increase in coverage and number of tree species seedlings was very high after the productive seed years 1992 and 1995. The acceleration of changes in beech stands in 1971-1991 led to a species number diminution in herb-rich types of the association Dentario enneaphylli-Fagetum (De-F), and/or to their transition to species-poorer acidophilous types Calamagrostio villosae-Fagetum (Cv-F). Similarly like in spruce stands the number of species in beech stand relevés increased in [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] . But a majority of typical species of herb-rich beech stands returned to the communities under study very slowly.
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PROBLEM ANALYSIS
Vegetation research consists of two stages: data collection and data processing. With respect to the objective of the study a comparison of some data collection methods and evaluation are presented by KUBÍKOVÁ and REJMÁNEK (1973) , SLAVÍKOVÁ (1986) , DYKYJOVÁ et al. (1989) .
Semi-quantitative estimations of coverage are the most expeditious method of data collection, BraunBlanquet's seven-point scale of abundance and dominance is employed most frequently; it was used for the study of beech stands e.g. by MATUSZKIEWICZ (1950) , MÁLEK (1955) , , KOPECKÝ (1958) , NEUHÄUSL (1959) , MORAVCOVÁ-HUSOVÁ (1964) , SÝKORA (1967) , MIKYŠKA (1972) , MORAVEC (1974) , VIEWEGH (1987) , VACEK et al. (1998 VACEK et al. ( , 1999a , HLAVÁČOVÁ (1990) , VACEK and LEPŠ (1991) . This method was applied to study spruce stands by KRAJINA (1933) , SILLINGER (1933) , , SAMEK and PLÍVA (1957) , KUČERA (1966) , MATUSZKIEWICZ et al. (1960 MATUSZKIEWICZ et al. ( , 1967 , STÖCKER (1968) , MIKYŠKA (1972) , MÁLEK (1970 MÁLEK ( , 1973 , PIŠTA (1972 PIŠTA ( , 1978 , KRAHULEC (1975) , ŠOLTÉS (1976) and MAREŠOVÁ (1990) . More detailed is Domin's eleven-point scale of abundance and dominance which was modified by HADAČ; it was used for plant cenological studies of climax spruce stands by HADAČ et al. (1969) , SÝKORA (1971) , SOFRON (1981) , VACEK (1983 VACEK ( , 1984 , VACEK and MATĚJKA (1999) and VACEK and LEPŠ (1999) .
The use of semi-quantitative method does not eliminate further processing of cenological relevés and determination of floristic similarity or developmental changes in populations. A semi-quantitative method is suitable for more extensive studies of phytocenoses because its time consumption is low and it surveys a much larger area as a whole compared to quantitative methods.
In the course of data processing either recurrent types of vegetation are identified (this common task is resolved by classification) or the relations of changes in vegetation to environment gradients are searched (using methods of gradient analysis). This two method groups can be applied on an empirical or numerical basis. The first approach is older and traditional (its typical example is Zurich-Montpellier phytosociological classification or the Czech school of forest typology); numerical methods are modern approaches and are considered as an objective alternative of subjective classification methods. In recent time the myth of objectivity of numerical classification methods has been abandoned; nevertheless, they are an important tool of vegetation research and their development continues (JONGMAN et al. 1987) . VIEWEGH (1987) , HLAVÁČOVÁ (1990) , VACEK and LEPŠ (1991 , 1992 and VACEK and MATĚJKA (1999) used classification and ordination methods to study beech and spruce stands; they compared these two approaches and examined a suitability of different input data for a numerical analysis. The study of changes through the time that are reflected by change of the species number, entry of invasive or alien species into the community, exchange of dominants, recession of less abundant species, and finally sometimes a complete extinction of original community, that is a very important part of vegetation study. Causes of these changes should be analysed separately in each case, but a uniform method can be used for their recording (KUBÍKOVÁ 1986) . One of the oldest methods of investigation into changes in the internal structure of vegetation is repeated phytosociological relevés of permanent research plots. SAMEK (1986) considered the evaluation of identified changes and their interpretation as the most critical problem of phytocenological monitoring. He stated that the evaluation of the anthropogenic influence share should be based on comparison and quantification of the examined influence. These conditions are not often satisfied in phytocenological monitoring. Therefore this type of monitoring should be used where other experimental measurements or auto-ecological assessments are carried out. The studied area with remnants of evaluated beech and spruce stands (Fig. 1 ) lies in Olešnice, Vrchmezí, Malá and Velká Deštná localities of the Orlické hory mountain range, which is a part of the Deštenská mountainous formation. Formerly it was Olešnice and Deštné forest districts, currently it is Rychnov nad Kněžnou forest administration.
MATERIAL AND METHOD

Description of studied area
Geologically, the area is built of igneous and metamorphic rocks -mica-schist gneisses, granitic mica schists, and also orthogneisses, paragneisses and migmatites (MARTINEC 1977) . Oligotrophic and mesotrophic Cambisols occur in the lowest and medium-high locations of the area, entic Podzols are in higher locations and haplic Podzols developed in the highest locations. Soils influenced by water are encountered on plateaus or on moderate slopes: Stagnosols, Gleysols and Histosols.
The area is situated in a moderately warm region (moderately warm district), only the highest locations belong to a cold region (moderately cold district). The climate is harsh, of continental nature, with low temperatures, abun- Fig. 1 . Map of forest vegetation altitudinal belts with research plots in beech stands (beech1-beech17 = bk1-bk17) and spruce stands (spruce1-spruce17 = sm1-sm17) dant precipitation, frequent fogs forming horizontal precipitation and with occasional destructive winds (PRŮŠA 2001) . Average annual temperature ranges from 4 to 7°C and sum of precipitation varies between 800 and 1,300 mm per year. The number of days with snow cover is from 60 to 160. The length of the growing season is 132 days at an altitude of 600 m, 107 days at 900 m and 83 days at 1,100 m a.s.l. Western air flows are prevailing, destructive north-eastern winds blow locally. Icing causes great damage in the highest parts. A marked climax climatic phenomenon reduces tree species growth in these locations.
According (MIKYŠKA et al. 1968) .
Research in forest stands
Studies of dynamics of vegetation changes in beech and spruce stands on 34 research plots (permanent research plots PRP beech 01-17, PRP spruce 01-17) in Rychnov forest district were based on plant cenological relevés and pedological records of Prof. A. Zlatník and Prof. J. Pelíšek from 1951 and RNDr. J. Gregor from 1971. In 1991 and 2001 these plots 490 m 2 in size were sampled again using Braun-Blanquet's seven-point scale, air-pollution environmental conditions were described and soil pits were restored on selected plots (PRP beech 04, 14, 10 and 17, PRP spruce 01, 10, 13 and 16) and soil samples were taken Table 3 shows basic data on PRP beech 01-17, Table 4 documents PRP spruce 01-17.
Processing and evaluation of relevés
Data were transcribed for computer processing into a programmed system DBreleve (specialised software for records of data on communities including environmental conditions and other data that facilitates to arrange data in tables, print tables, select relevés according to various attributes, compute characteristics of species diversity, export selected data for further processing and carry out some other operations with data; for programme description see Internet pages at http://www.infodatasys.cz).
Taxonomic nomenclature was unified in all relevés according to KUBÁT et al. (2002), and PILOUS and DUDA (1960) . Particular relevés were included in relevant associations according to Zurich-Montpellier School of Phytosociology (MORAVEC et al. 1983 (HILL 1979b) , detrending by 2 nd order polynoms. The axes of ordination correspond to the trends of highest variability in the whole data set. The ordination of species and relevés correspond to each other (JONGMAN et al. 1987) . Species diversity and its components (total species diversity was evaluated as ShannonWiener index of diversity, total number of spe- N -stony-acidic, K -acidic, A -stony-colluvial, V -moist to wet, P -acidic gleyic), last number indicate the type cies and species equitability on the basis of these variables) were computed in DBreleve software system for the herb layer of forest stands. Plant cenological relevés and some other results are published via Internet at address http://www.infodatasys.cz/ public/orlh2001/zprava.htm.
RESULTS AND DISCUSSION
Overview of syntaxa
Beech stands
Phytocenological classification of beech stand syntaxa was interpreted in a very different way. The following overview presents the syntaxa of natural beech stands according to MORAVEC et al. (1983) Ninety-five species in total were recorded in this association, the number of species in relevés ranged between 22 and 60. The average number of species in relevés was 44 in 1951, 42 in 1971, 24 in 1991 and 49 in 2001, i .e. 100%, 95%, 55% and 111%, respectively. The values of Sörensen's coefficient also indicate that more important changes than simple fluctuations in time took place in the communities of this association (the values of the coefficient below 70%).
The communities occurred on loam-sandy to sandloamy mesotrophic Cambisol at an altitude of 780 to 1,015 m. In all four periods of observation (1951, 1971, 1991 and 2001) this association was described only on plots 12 and 13, with marked acerose elements. It was identified on plots 09 and 11 in 1951 only, these plots were included in the association Cv-F in subsequent years.
In the Orlické hory Mts. the communities of this association are considerably endangered by soil acidification and by conversion to spruce monocultures. In the years 1971-1999 the development of these herb-rich communities tended towards the association Cv-F relatively rapidly. A reversal occurred in 1991-2001, when some revitalisation of these communities was observed manifested by an increase in the species number. Aceri-Fagetum J. et M. Bartsch 1940 The open tree layer is dominated by Acer pseudoplatanus and Fagus sylvatica, Picea abies is interspersed, their const. cl. is V. Fagus sylvatica (const. cl. III) is dominant in the sporadic shrub layer, the occurrence of Acer pseudoplatanus is scarce.
Athyrium distentifolium dominates in the herb layer, but its coverage has considerably decreased in the course of years, high coverage was found in Oxalis acetosella and Stellaria nemorum. Dryopteris filix-mas, Dryopteris carthusiana, Gymnocarpium dryopteris, Prenanthes purpurea and Polygonatum verticillatum contribute to the pattern of this association. The relatively well-developed moss layer is dominated by Polytrichum formosum, Plagiothecium curvifolium and Mnium spinosum are abundant.
In Thirty-four species in total were recorded in this association, the number of species in relevés ranged between 17 and 31. The average number of species in relevés was 23 ( The communities occurred on fresh sand-loamy mesotrophic Cambisol on the slope deposits at an altitude of 970 m a.s.l. It is plot 17 where this association was identified in all periods of observation.
The communities of the association A-F in the Orlické hory Mts. are very endangered phytocenoses as a result of long-term anthropic activities.
Calamagrostio villosae-Fagetum Mikyška 1972
Fagus sylvatica is dominant in the relatively closed tree layer, with admixture of Picea abies (const. cl. V) and scarcely interspersed Sorbus aucuparia, Acer pseudoplatanus and Abies alba (const. cl. I). The sparse shrub layer is dominated by Fagus sylvatica (const. cl. III), the other tree species of the herb layer are represented exceptionally.
Physiognomically Eighty-eight species in total were recorded in this association, the number of species in relevés ranged between 12 and 52 while their constancy was not very high except diagnostic species. The average number of species in relevés was 22 (100%) in 1951, 20 (91%) in 1971, 14 (64%) in 1991 and 23 (105%) in 2001.
The communities occurred on loam-sandy to sandloamy oligotrophic to mesotrophic Cambisol and Entic Podzols at an altitude of 860-1,020 m a.s.l. In all four periods of observation (1951, 1971, 1991 and 2001) they were recorded on plots 01-08, 10 and 14-16. They were described on plots 09 and 11 only in 1971, 1991 and 2001 , in previous years these plots were classified into the association De-F. The value of Sörensen's coefficient also indicates that more important changes than simple fluctuations in time took place in the communities of this association.
Communities of this association are the most frequent vegetation types of beech stands in the Orlické hory Mts.
Spruce stands
Plant cenological classification of syntaxa of spruce stands was interpreted in a very different way. The syntaxa of spruce stands are presented below. In the studied material we identified one vegetation class, two orders, two alliances, one suballiance and four associations (HUSOVÁ et al. 2002 Ninety-nine species in total were identified in this association, the number of species in relevés ranged between 21 and 58. The average number of species in relevés was 50 in 1951, 35 in 1971, 27 in 1991 and 41 in 2001, i .e. 100%, 70%, 54% and 82%, respectively. The values of Sörensen's coefficient also indicate that more important changes than simple fluctuations in time took place in the communities of this association; these changes are most marked on plot 08 (the coefficient from 62 to 35%).
The communities occurred on sand-loamy pseudogleyic mesotrophic Cambisols, entic Podzols and pseudogleyic haplic Podzol at an altitude of 840-1,025 m a.s.l. In all four periods of observation (1951, 1971, 1991 and 2001) this association was described only on plot 08. It was identified on plot 02 in 1951, on plot 12 in 1951 and 1971, and these plots were classified in the association Cv-P in subsequent years.
The communities of this association are endangered in the Orlické hory Mts., probably by changes in light conditions, soil moisture and acidity. In 1971-1991 the development of these fern communities with elements of tall-grass meadows tended to the association Cv-P relatively quickly. Physiognomically, the association is characterised by high coverage of Calamagrostis villosa, which often forms the continuous upper herb layer. Deschampsia flexuosa is usually concentrated in the lower herb layer. The moss layer with typical Polytrichum formosum and Dicranum scoparium is developed on all plots (coverage 5 to 40%).
In Eighty-six species in total were identified in this association, the number of species in relevés ranged between 14 and 43. The average number of species in relevés was 25 in 1951, 21 in 1971, 19 in 1991 and 24 in 2001, i .e. 100%, 84%, 76% and 96%, respectively. The values of Sörensen's coefficient also indicate that more important changes than simple fluctuations in time took place in the communities of this association (the coefficient mostly below 70%).
The communities occurred on (loam-sandy, sand-loamy and pseudogleyic) haplic Podzols and pseudogleyic mesotrophic Cambisols at an altitude of 870-1,110 m a.s.l. In all four periods of observation (1951, 1971, 1991 and 2001) this association was described on plots 05, 07 and 14. In 1951 it was identified on plots 12 and 17, on 1971 on plots 02, 03, 13 and 15, in 1991 and 2001 on plots 02 and 12. In most cases these communities involve many transient elements from the community Df-P.
The communities of this association have been the most frequent vegetation type in the Orlické hory Mts. until now, even though their development in 1971-1991 tended towards the association Df-P relatively rapidly. Deschampsio flexuosae-Piceetum Hadač et al. 1969 Picea abies (const. cl. V) is dominant in the differently closed to open tree layer, with scarcely interspersed Fagus sylvatica and Sorbus aucuparia (const. cl. I and II). In 2001 the tree layer did not occur on about a third of the plots any longer. The shrub layer is sporadic, mostly sparse (coverage 0-30%) and its species composition is identical with the tree layer (const. cl. I and II).
The herb layer is poor in species, and it is markedly dominated by Deschampsia flexuosa, which locally covers continuous areas. Forty-eight species in total were identified in this association, the number of species in relevés ranged between 10 and 22. The average number of species in relevés was 16 (100%) in 1951, 15 (94%) in 1971, 13 (81%) in 1991 and 17 (106%) in 2001. The values of Sörensen's coefficient also indicate that more important changes than simple fluctuations in time took place in the communities of this association (the coefficient mostly below 70%).
The communities occurred on loam-sandy entic Podzols and haplic Podzol at an altitude of 725-1,110 m a.s.l. In all four periods of observation (1951, 1971, 1991 and 2001) this association was recorded only on plots 01, 04 and 16. of most communities in spruce monocultures gradually tends towards these communities at that time. They are highly dominated by Deschampsia flexuosa as a result of canopy opening, it replaces some species less resistant to soil acidification, particularly Vaccinium myrtillus. The recession of other species, mainly of Calamagrostis villosa, was caused by a change in water regime -overall drying of the ecotope. These changes can be explained as a consequence of pollutant impacts on vegetation. But some revitalisation processes were observed in this association in 1991-2001. Vaccinio myrtilli-Piceetum Szafer, Kulcz. et Pawl. 1923 Picea abies (const. cl. V) is dominant in the relatively closed tree layer, with interspersed Fagus sylvatica and Table 5 . Communities of beech stands: TWINSPAN classification of relevés. A list of species-indicators is given with the designation of each classification group (name abbreviations are used similarly like in ordination results; see Table 7 ). The last column shows a list of phytocenological relevés included in the given group Table 6 . Communities of spruce stands: TWINSPAN classification of relevés. A list of species-indicators is given with the designation of each classification group (name abbreviations are used similarly like in ordination results; see Table 8 ). Thirty-eight species in total were identified in this association, the number of species in relevés ranged from 26 to 10. The average number of species in relevés was 20 in 1951 and 15 in 1971 (i.e. 100% and 75%), in the years 1991 and 2001 this association was not identified any longer. The values of Sörensen's coefficient also indicate that more important changes than simple fluctuations in time took place in the communities of this association.
The communities occurred on sand-loamy oligothrophic Cambisols, entic Podzols and haplic Podzols at an altitude of 750-830 m a.s.l. They were described only in 1951 and 1971 on plots 09, 10 and 11. In 1991 and 2001 the association Df-P was recorded on these plots. The communities of this association have almost disappeared from the Orlické hory Mts. although they used to be the most frequent vegetation type in this zone of spruce stands.
This classification corresponds to a system formulated by SOFRON (1981); HUSOVÁ et al. (2002) combined the associations Cv-P, Df-P and Vm-P into the aggregative association Cv-P. It is consistent with the relatively low number of species in these associations that are differentiated mainly on the basis of dominant species. Fig. 7 . Relevés ordination according to the composition of herb and moss layers in spruce stands (axes 1 and 2). DCA ordination was used, such data transformation was used that the sum of significances for the species of the given layer will equal the total coverage of this layer; vegetation development at the localities is documented for the period 1951-2001 (plot designation is on the trajectory corresponding to the first year) Fig. 6 . Relevés ordination according to the composition of herb and moss layers in beech stands (axes 1 and 2). DCA ordination was used, such data transformation was used that the sum of significances for the species of the given layer will equal the total coverage of this layer; vegetation development at the localities is documented for the period 1951-2001 (plot designation is on the trajectory corresponding to the first year) DCA1 DCA1 DCA2
DCA2
Numerical classification of plant communities
The traditional classification based on the principles of Zurich-Montpellier school of phytosociology used in the preceding section was compared with the results of numerical classification. Its goal is to classify a set of relevés in mathematical terms by help of a given algorithm into the particular groups of relevés similar to each other. Two types of classification, i.e. agglomerative and divisive classification, were applied for this purpose. Figs. 2 and 3 illustrate the results of numerical classification. Ward's method of hierarchic classification and Euclidean distance as the measure of dis- Fig. 8 . Ordination of the species of herb and moss layers in beech stands (axes 1 and 2). DCA ordination was used, such data transformation was used that the sum of significances for the species of the given layer will equal the total coverage of this layer. The position of each species is marked, selected species are designated by an abbreviation of their name Fig. 9 . Ordination of the species of herb and moss layers in spruce stands (axes 1 and 2). DCA ordination was used, such data transformation was used that the sum of significances for the species of the given layer will equal the total coverage of this layer. The position of each species is marked, selected species are designated by an abbreviation of their name DCA1 DCA1 DCA2 DCA2 similarity were used for the computation. In general it is to state that the occurrence of the particular clusters in the assessed dendrograms corresponds to the classification of evaluated communities by the traditional classification method.
Agglomerative classification
Dendrograms in
Divisive classification
The results of TWINSPAN classification are given in Table 5 for beech stands and in Table 6 for spruce stands. TWINSPAN procedure was used to describe the classification of vegetation on each plot during the period of observations (1951-2001) . A classification level on which the vegetation of the plot remained in the same classification class can be defined in this way; in other words, changes in the vegetation of the plot can be described in the course of time. A lower number of the classification level indicates important change of the community, a higher one occurs by a stable composition of the community: , 4, 10, 11, 12, 13, 14 2, 7 It is obvious that the changes in beech stands were often minimum or small, on the contrary, the changes in spruce stands were frequently great. Fig. 10 A- 
Ordination of plant communities
Relevé ordination
A graphical output of relevés ordination (Figs. 4-7 ) illustrates the arrangement (trajectories) of the particular plots in the ordination space constructed by connecting four points. The co-ordinates of these points correspond to the relevés recorded in 1951, 1971, 1991 and 2001 on the same research plot. Dynamics of vegetation changes in the given years is derived from the lengths of trajectories. It is to state in general, that the smaller distance of the four points from each other on one plot documents the lower the vegetation dynamics in the years of observation, and vice versa. In beech stands accelerated vegetation dynamics was recorded in richin-species communities in the years of observation (Fig. 4) , namely on PRP 17 (association A-F), PRP 12 (De-F), PRP 9, 11 (De-F in 1951, later Cv-F) and on PRP 2 (Cv-F). These changes were most marked on the above-mentioned plots in 1951 , and also partly in 1971 -1991 . The vegetation dynamics decelerated as the time proceeded. In spruce stands accelerated vegetation dynamics was also described in relatively rich-in-species communities in the course of years (Fig. 5) , namely on PRP 7 (association Cv-P), PRP 8 (Aa-P), 2 and 12 (Aa-P in 1951, later Cv-P). The time trends of vegetation dynamics in spruce stands and in beech stands were similar.
Species ordination
An output of ordination of the species -their position in the ordination space (axis 1 of DCA) is shown in Table 7 and Fig. 8 for beech stands and in Table 8 and Fig. 9 for spruce stands. Interpretation of the axis meaning is possible using stand richness (correlation of first ordination axis by both beech and spruce stands). The second axis represents relation to altitude by beech stands and relation to the degree of water saturation by spruce stands.
Statistical analyses of relevés ordination
Statistical analysis was used to process the results of DCA ordination of relevés. Tables 9 and 10 show standard deviations of DCA ordination of relevés in beech and spruce stands, respectively. Figs. 10 and 11 illustrate standard deviations, standard errors and means of the values of DCA ordination of relevés on the particular plots according to the ordination axes in beech and spruce stands. Minimum and maximum values of ordination, quartiles 25%, 75% and 50% (medians) of the values of DCA ordination of relevés in the particular years (1951, 1971, 1991 and 2001) according to the ordination axes in beech and spruce stands are represented in Figs. 12 and 13 , respectively.
The results of these statistical analyses in beech stands document a higher variability of relevés along ordination axis 1 for plots 11, 12, 13 and 17, along ordination axis 2 for plot 17, along ordination axis 3 for plot 11 and along ordina- tion axis 4 for plot 2. In the course of time the variability of relevés along ordination axes 1 and 2 decreases while the variability along axes 3 and 4 is more or less balanced. In spruce stands the variability of relevés is higher along ordination axis 2 on plots 7 and 8, and along axis 3 on plots 1 and 12. The decrease in variability of relevé ordination in time is not so marked in spruce stands as in beech ones.
Results of DCA ordination: -There is not a large difference in the results when data on the herb layer only or data on the herb and moss layer jointly were used for analysis. Similarly, data standardisation for the sum of species significance in the vegetation layer equalling total coverage of the layer is of low significance. -Data variability described by the first four ordination axes is similar in beech and spruce stands. The eigenvalues of analysed matrices were 0.538 -0.340 -0.249 -0.214 for beech stands and 0.520 -0.309 -0.256 -0.213 for spruce stands.
-Vegetation dynamics was more significant only on some plots: plots 17, 11, 12 (and possibly 13, 2 and 9) out of beech plots, and plots 7 and 8 (and possibly 12 and 1) out of spruce plots. -The indication of dynamic changes by the ordination analysis need not always be reflected in the results of classification. As stated for the evaluation by TWIN-SPAN procedure, significant differences in the classification of relevés from various years were observed on plots 17, 2 and 9 for the above-mentioned beech plots, and on plots 1 and 12 for spruce stands. -A majority of plant communities had the stable species composition. -Dynamics in beech stands seems to be higher. -Differences between the plots considerably diminished in the course of time. -Groups of species that receded on the plots in time can be identified as the species with high values of the scores along the first and second ordination (1951, 1971, 1991 and 2001) 
Characteristics of species diversity
Results of the analysis of the herb layer species diversity are drawn on Figs. 13-18. Fig. 14 shows the values of total species diversity index on the particular plots in the years of observation. The values ranged from 1.7 to 4.9 in beech stands and from 1.1 to 4.7 in spruce stands. In general, the highest species diversity was recorded in 1951, the lowest in 1991. In subsequent years the original higher values returned. This trend is also obvious from Fig. 15 .
Total number of species in the herb layer per relevé was significantly different on the particular plots.
In beech stands a majority of records contained 10 to 20 species, significantly higher numbers of species were recorded on plots 2 and 13 (ca. 20-30 species; the plots are classified as forest site types 7N 1 and 6K 6 , respectively), and on plots 11 and 12 (ca. 30-50; the respective forest site types are 7Z 2 and 7K 6 ).
There were mostly 5 to 15 species in the herb layer of spruce stands, higher numbers occurred on plots 1 and 12 (15-25 species; FST 6K 6 and 8Z 4 , resp.), and on plots 2, DCA2 DCA1 7 and 8 (20-40 species; respective forest site types 6K 6 , 7V 1 and 6A 5 ).
The level of total species diversity is consistent with the number of species (Fig. 16) . Slightly higher species diversity was recorded in beech stands (the values mostly ranged from 2.5 to 3.5; the values higher than 3.7 were recorded on plots 11, 12 and 13) compared to spruce stands (the range was 2.0 to 2.5; the values higher than 2.7 were recorded on plots 1, 2, 7, 8 and 12).
Relatively smaller differences between the plots were found in species equitability (Fig. 18) where the values for beech stands ranged from 0.7 to 0.85, for spruce stands from 0.65 to 0.8. The highest species dominance (i.e. the lowest equitability) was recorded in beech stands on plots 3 (FST 7K 6 ) and 8 (7Z 2 ), in spruce stands on plots 4 (8Z 2 ), 13 (8Z 4 ) and 17 (7P 1 ) -all sites had some extreme edaphic characteristics.
CONCLUSION
The results of studies of phytocenoses on 34 plots (beech and spruce stands) in 1951-2001 demonstrate relatively accelerated vegetation dynamics, particularly in the period of great air-pollution environmental stress in the mountains in the seventies and eighties, last century (VACEK, LEPŠ 1991 , 1992 , and on the contrary, important revitalisation processes in 1991-2001 that are evident from a comparison of the characteristics of species diversity.
Great changes took place particularly in richer-inspecies spruce communities of the association Athyrio alpestre-Piceetum (Aa-P), and also in poorer-in-species communities of the associations Vaccinio myrtilli-Piceetum (Vm-P), Calamagrostio villosae-Piceetum (Cv-P) and Deschampsio flexuosae-Piceetum (Df-P). The developmental trend of these communities in 1971-1991 Fig. 13 A-B . Minimum and maximum values of ordination, quartiles (25%, 75%) and median of the values of DCA ordination of relevés in the years of observation (1951, 1971, 1991 and 2001) in spruce stands -ordination axis 1 (A) and ordination axis 2 (B) DCA2 DCA1 tended towards the type very poor in species (association Df-P). Deschampsia flexuosa became a marked dominant as a result of canopy opening that was caused by the airpollution environmental stress, and replaced some species less resistant to site acidification, mainly Vaccinium myrtillus. On the contrary, the number of species considerably increased in the years 1991-2001, especially in the herb layer. The increase in coverage and number of tree species seedlings was remarkable after the productive seed years 1992 and 1995. The average number of species in the relevés of the community Aa-P was 50 (100%) in 1951, 35 (70%) in 1971, 27 (54%) The great acceleration of vegetation dynamics in spruce stands (mainly on PRP spruce 02, 06, 12, 15 and 17) and in beech stands (PRP beech 01, 02, 09, 15 and 16) in 1971-1991 was probably caused by the increased air-pollution environmental stress. On the contrary, important revitalisation processes took place in the nineties as a result of more favourable environmental conditions, basically in Fig. 15 A-B . Average values (arithmetic mean, standard error and standard deviation) of total species diversity in the years of observation in beech (A) and spruce (B) stands A B ± ± ± ± all vegetation layers (E 3 -E 0 ). These processes were most evident in the herb layer.
DCA ordination indicated that: -There is not a large difference in the results obtained by the analysis of data on the herb layer only or data on the herb and moss layer jointly. -Variability of data described by the first four ordination axes is similar in beech and spruce stands. The eigenvalues of analysed matrices were 0.538 -0.340 -0.249 -0.214 for beech stands and 0.520 -0.309 -0.256 -0.213 for spruce stands. There are probably two main environmental factors determining composition of these plant communities.
-More significant vegetation dynamics was recorded only on some plots with specific community composition: on beech plots 17, 11, 12 (and possibly 13, 2 and 9) and on spruce plots 7 and 8 (possibly 12 and 1). The values of the index of total species diversity on the particular plots ranged from 1.7 to 4.9 in beech stands and from 1.1 to 4.7 in spruce stands. In general, the highest species diversity was recorded in 1951, the lowest in 1991.
It is to draw a conclusion on the basis of the above characteristics that after the air-pollution environmental disaster that had markedly negative effects on the plant cenoses of spruce stands and beech stands these com- -Aglomerativní hierarchická klasifikace (ORLÓCI 1978) -byla užita Wardova metoda hierarchické klasifikace s Euklidovskou distancí jako mírou nepodobnosti.
-Divizivní hierarchická klasifikace metodou TWINS-PAN (two-way indicator species analysis, HILL 1979a).
-Ordinace metodou korespondenční analýzy (detrended correspondence analysis -DCA, HILL 1979b). Jednotlivé osy ordinace odpovídají směrům největší variability v celém souboru dat. Ordinace druhů a snímků si vzájemně odpovídají (JONGMAN et al. 1987) .
Druhová diverzita a její složky (celková druhová diverzita byla hodnocena jako Shannon-Wienerův index druhové diverzity, celkový počet druhů a na základě těchto veličin druhová vyrovnanost) byla počítána v programovém systému DBreleve pro bylinné patro porostů.
Z výsledků studia fytocenóz na 34 plochách (bukové a smrkové porosty) v letech 1951-2001 vyplývá relativně urychlená vegetační dynamika, a to především v období výrazného imisně ekologického zatížení pohoří v průbě-hu sedmdesátých a osmdesátých let (VACEK, LEPŠ 1991 , 1992 ) a naopak významné revitalizační procesy v letech 1991-2001, které jsou patrné zvláště při srovnání charakteristik druhové diverzity.
K markantním změnám dochází zejména v druhově bohatších smrkových společenstvech asociace Athyrio alpestre-Piceetum (Aa-P), ale i v druhově chudších společenstvech asociací Vaccinio myrtilli-Piceetum (Vm-P), Calamagrostio villosae-Piceetum (Cv-P) i Deschampsio flexuosae-Piceetum (Df-P). Vývojový trend těchto společenstev v letech 1971-1991 směřuje k druhově velmi chudým typům (asociace Df-P). Deschampsia flexuosa se stává výraznou dominantou díky vyššímu prosvětlení porostů, způsobenému převážně imisně ekologickým zatížením, a nahrazuje některé druhy méně odolné vůči okyselení stanoviště, zejména pak Vaccinium myrtillus. Klíčová slova: horské lesy; bukové a smrkové porosty; fytocenologie; klasifikace; ordinace; druhová diverzita; imise
